In this research we evaluate the environmental economic impact of shipping from the perspective of CO 2 emissions by implementing Marine Emission Trading Scheme (METS), as defined. This trading scheme is based on the EU-ETS program with adjustments for the shipping industry's needs.
Introduction
According to United Nations Conference on Trade and Development (UNCTD), shipping is responsible for more than 80% of world trade and the total industry contribution to the world economy is estimated at 1-3% of world GDP. The global population growth is expected to cause an increase in the GDP of many countries and substantially increase the demand for food, raw materials etc. This will lead to an increase in the global demand for seaborne transport and consequently will increase CO 2 emissions (estimated at 200-300% increase for mid-range scenarios, by 2050).
Carbon dioxide (CO 2 ) is the primary greenhouse gas (GHG) emitted by ships and has a global warming potential of 98%. According to a study by the International Maritime Organization (IMO), which is in charged with overseeing environmental preservation and the maintenance of ocean resources, maritime shipping is estimated to be responsible for 3.3% of the global CO 2 emitted in 2007. This translates to 1,050 million tons of CO 2 annually (while international shipping is accountable for 2.7%), a level of emissions equivalent to that of a developed country (e.g. Germany) . A common means of reducing emission of CO 2 is slowing down the general sailing speed, or "Slow Steaming", which reduces emission at sea in the short range but conversely is predicted to bring an increase in CO 2 emission levels on land in the long run.
Due to its international nature, the shipping sector differs from other transportation sectors, which are subject to local laws more than other transportations mode. International maritime shipping requires an individual set of rules and standards in order to function properly and satisfy increasing demand.
As a result of increasing environmental awareness, IMO developed a mandatory technological tool and standards for new ships (EEDI) and voluntary operational measures for ongoing shipping operators (SEEMP and EEOI), in order to assist them with the GHG abatement efforts. IMO also identifies the operational and economic benefits of implementing their suggested tools.
The IMO lacks information concerning the scope of accompanying costs of reduction efforts, due to the great diversity in the field. This problem could be solved by the application of our trade system, defined as Marine Emission Trading Scheme (METS) for emission permits, which decreases both overall emissions and the costs of emissions reduction.
In this research, we evaluate the environmental economic impact of shipping from the perspective of CO 2 emissions, by implementing Marine Emission Trading Scheme (METS) that we defined; this trading scheme is based on the EU-ETS program with adjustments for the shipping industry needs.
First, we evaluate the socio-economic cost of carbon emission from the seaborne trade activity per borne ton criteria and per consumed ton of gas criteria in BAU state and METS state.
Then we continue to evaluate the relative cost of socio-economic effect with regional segmentation, transportation mode and the expected effect on the shipping industry from the economic and environmental perspective.
The METS economic model is calibrated with the fuel consumption data (FC), forecasted FC growth rate (based on the proportion between FC growth rate and global trade growth rate), forecasted emission abatement rate (based on EU-ETS actual performance) and EUA prices.
This generates an economic evaluation basing on multiple CO 2 emission scenarios, allowing us to estimate the socio-economic impact on the environment from the seaborne trade activity per borne ton criteria and per consume ton gas criteria in BAU State and METS State (BAUBusiness As Usual, with no attempts at reduction). This paper is structured as follows. Section 2 reviews the theoretical background and lays the foundation for the model. Section 3 explains key variables and assumptions used for the METS model. The results are presented in Section 4. Section 5 concludes with a discussion, summary and conclusions.
Theoretical Background
The idea of trade in allocations permits was implied in the work of the economist Ronald Coase (1960, "Theory of Social Cost") , in which he claimed that if property rights were well-defined, then it would be possible to ensure efficient allocation of resources in spite of the existence of externalities (Coase, 1960) . This trade mechanism continued to be formed and evolve, and received its characteristics in the continuing work that was done by researchers (Crocker 1966; Dales 1968; Montgomery 1972) , while a formal program for trade in emission permits was first introduced in 1974 by the US Environmental Protection Agency (EPA).
This program has allowed commercial companies, for the first time, to trade emission permits (allocations) between emission sources from in the organization as long as the total emission does not exceed its quota. (Foster V. & Hahn R.W. 1995; Hahn, R. W., & Hester 1989; Tietenberg TH. 1985) . In 1997, significant progress was made when the trade program was declared open to trade between companies themselves.
In fact, since the 80's the emissions trading-mechanism act has served as a leading policy tool for the EPA in effort to reduce emissions (mostly sulfuric dioxide) and as a leading tool to cope with climate change phenomena. The rationale behind this tool lies in the fact that in terms of cost-benefit, this tool is more efficient and flexible than other existing alternatives. (Goulder. 2013 ).
On the other hand, this mechanism is not always more efficient than other alternatives, i.e.
setting the price for a single emission unit and letting the market determine the amount emitted (emission levy). In fact, the best method for dealing with the reduction problem depends on the amount of uncertainty and the level of information available about the marginal abatement costs (Weitzman, 1974) . As a result, IMO has recognized that implementation of technological tools (EEDI) with operational performance indicators (SEEMP and EEOI) will not be sufficient or effective in the reduction of GHG in the shipping industry respective to the global trade growth forecast analysis, and these efforts are expected to erode and lose the effectiveness.
With the understanding that these tools are not enough, IMO has decided to conjoin market- 
International Compensation Fund -ICF
The program is based on a tax levy that will be imposed on all types of fuel in the shipping industry (per ton). The money will be collected for the benefit of the support fund.
The fund's money will mainly finance projects, research, and development for means to reduce emissions in the shipping industry and improve the efficiency of the functioning of the global fleet.
The guiding principle relies on the idea that the tax levy takes into account the variance in the CO2 emitted from various fuel types. The levy can be paid through refineries, vessels, bunker stations, port authorities, or any other combination (further details of the payment mechanism can be found in GHG-WG 1/5/1 report). Moreover, establishment and operation of the ICF will require the establishment of an organization that will track the purchase of fuel and GHG emitted for every existing vessel.
One of the main disadvantages in the current program lies in the fact that this program leaves the polluter with the dilemma of either investing in the efforts of reduction, or alternatively to continuing "business as usual" (BAU) and paying the tax levy, thus creating high uncertainty in the reduction effort. The effectiveness of this mechanism for low tax is questionable. In addition, this mechanism holds a certain potential for the polluter to pass on the tax burden to the shipper (i.e. the consumer) therefore harming the consumer surplus from both sides; pollution and money resources, thus may carry on a potential threat to the global economy.
Marine Emissions Trade Scheme -M-ETS
The Marine Emissions Trade Scheme (M-ETS) is based on an emissions trading-mechanism and authority trade in emission permits between pollutants in the shipping industry. It has been This program differs from the previous plan (ICF) in financing and operations, which is done by auction of emission permits. This trading mechanism in this program is designed to function as a global mechanism, which would cover all emissions of all types of vessels above a certain size (to be determined later). The mechanism is designed to include an interim mechanism which will prevent or reduce as much as possible the damage to the marine/economic activities.
The mechanism will operate under the definition of a global emissions quota (total) for the entire shipping industry, based on emission data from the past and according to target reduction principles and guidelines published by the IPCC organization (IPCC, 2007c) . The inventory of additional emission permits will be set in the optimal manner, in order to bring an effective reduction while minimized the potential threat to the global economy. The inventory of the permits will be updated periodically, similar other trade programs.
The M-ETS mechanism will also be "open" to other trading schemes in other programs (e.g. EU-ETS etc.) This will ensure reduction in amount of global emissions, and on the other hand have the potential of minimized the abatement cost, thereby mitigating the expected increase in freight rates and maritime transport costs.
Due to the potential of the phenomenon of "carbon leakage", the legal entity that will be monitored and will be responsible for the amount of emissions in this program will be defined as a single vessel, regardless of the country in which it is registered or the flag it sails ("flag of convenience"). Moreover, the legal entity that will coordinate and actually execute the purchase process and, in the future, the trade in surplus emission permits will be defined as the vessel operator. The allocation mechanism of the emission permits in the shipping industry will be executed according to one of the following ways: (a) auction, (b) allocation based on past activity indices "grandfather allowance" (based on seaborne tons), (c) allocation according to region activity, (d) a combination of the above. Any of the above options will be evaluated in terms of impact, financial return and efficiency.
In order to describe the integration of trade mechanism in maritime shipping, let's examine first our assumptions regarding the demand and supply mechanism for international sea freight activity. To simplify, let's suppose that the demand and supply curves for international shipping are linear curves, which already include the implementation of METS mechanism, (Figure 1 ). The demand curve struck as a normal demand curve that descends from left to right, describing the increase in demand for sea freight services as the shipping cost decreases.
The supply curve is linear and consists of three different supply stages (which are both continuous and monotone).
Stage one [i] -characterized by perfectly elastic supply curve, which describes the existence of minimal sea freight for minimal freight rates and maritime transport costs   Min P , for essential needs of the state (energy, raw material etc.).
Stage two [ii] -characterized by perfectly inelastic supply curve, which describes the need for the existence of high Gross Tonnage (GT) capacity, which causes a rise in freight rates and in maritime transport costs until the GT capacity is enhanced by new construction.
Stage one and stage two [i & ii] are repeated until the interval between the perfectly inelastic supply and the perfectly elastic supply is reduced gradually to the point of equilibrium in the supply rate (the broken markup), which brings us to the following Stage: Stage Three [iii] -characterized by the standard supply curve, rises from left to right, describes the increase in GT capacity, with an increasing growth in the demand for sea freight activity (for low freight rates and maritime transport costs) and surplus in the maritime transport GT capacity.
Let's assume that the supply curve includes the external costs (i.e. the marginal abatement cost or emission allowance cost to meet the reduction objective) which are embedded in each of the stages described above, a fact that brings the market to the equilibrium point at   Freight rates and maritime transports costs are expected to rise in the short term, contrariwise the amount of operated vessels are expected to be reduced, but due to the high average in vessels GT capacity , in the long-term rates and cost are expected to decline back to the equilibrium point.
Let's now take a look at a case in which the METS mechanism is integrated with the shipping market against the existing alternative of carbon tax (i.e. -"International Compensation Fund" -ICF) levied at a flat rate in the industry. In case of ICF mechanism is implemented (Figure 2) , then, the polluter has a dilemma whether to pay the tax or, alternatively, pay the marginal abatement cost (B+C+D areas). In fact, as long as the abatement cost is lower than the tax payment, the polluter will prefer to pay the abatement cost, therefore tax would be set at (MSC). Moreover, we assumed that at this   2 E point the amount of optimal emission allowances for an allocation is determined.
We would like to emphasize that due to high heterogeneity in the industry, we don't refer to the question of how the   2 E point, is determined, and leave this question open for another study in the field. Therefore we assume that this point is known, as a result, the reduction objective will be determined to the optimal level in the METS mechanism as in the case where the tax mechanism is implemented, and the marginal abatement cost will now be represented by emission allowance cost, which now may give the polluter a more efficient and economical option to perform the reduction efforts (Figure 2 ).
In the shipping industry, the level of uncertainty about the actual reduction cost is high, due to the high heterogeneity that exists in the reductions assessments for each vessel. Therefore, the marine emissions units allowance (MEUA) prices expected to be lower or higher than the actual marginal abatement cost (i.e. -The tax rate -ICF T ).
In case the level of uncertainty approaches to zero, we will be in a situation where the MEUA prices are equal to the tax rate and no real difference exists between the programs. However, this is not the case in the shipping industry.
Moreover, we would like to point out that when a high level of uncertainty will result in higher MEUA prices that are above the tax rate. In this case, the trade mechanism is not efficient and expected to raise the potential to an economic recession in business activities and reduction efforts. Therefore, In order to create a regulatory mechanism, we define that the METS
program will be open to other trade programs by the coordinating authority in a regulative manner. This action is expected to lead, on one hand, to an increase in emission allowances supply and, on the other hand, to a decrease in MEUA prices below the tax rate.
From now on, we will refer the case where the METS mechanism is implemented.
In this case, the polluter has marginal abatement cost, in size of area C, and purchase cost or, 
areas.
Methodology
The economic approach in this study is based on ETS methodology, providing practical economic values rather than hypothetical values.
Using excel spreadsheet functionality, we have built a financial appraisal model used in this analysis.
By using actual prices of emission unit allowances (EUA), we have been able to assess the external effects of the carbon emission in the shipping industry (BAU and METS state). This allows us to more comprehensively understand the abatement potential inherent in the use of the METS mechanism. The area confined between MSC curve and the equilibrium point represents the value of the allocated emission allowance market for the polluting entity based on past "Grandfathering Allowances" performance.
Area B represents the additional emission allowances purchase cost, area C represents the actual reduction cost and area D is the expected savings for the polluter.
Curve ICF T -represents the tax levy rate implemented in ICF mechanism.
Allowance Price -is the marginal abatement cost, represented by emission allowance cost in METS mechanism.
Note: when no regulations or enforcement action is taken, then the emission level is maximal and its size is 0 E .
We assume that the price of permits used in this model reflect a global carbon market equilibrium.
Model Description and Input Data
The model applies to two possible situations, the first, BAU, with no reduction efforts and the second with the fully implemented METS program. The model is designed for the years 2007-
2030.
For the BAU situation, we assume that there are no reduction efforts based on emission trading characterized by significant technological improvements that will exert considerable influence on the amount of carbon emissions in the entire shipping industry, and international shipping in particular. This time frame was utilized due to the fact that "life expectancy" of a single vessel is between 25-35 years, therefore, in order to obtain the most applicable results in relation to actual ship use, our model will be limited to two periods of activity (Second IMO GHG study, 2009 ).
For this reason, we have defined three main scenarios of FC growth rates (Low, Best and High)
that branch out to a wide range of EUA prices possibilities (a total of nine) and three "Black"
scenarios, which will be used as a means of characterization and parameters of this economic assessment study. These 12 scenarios provide us with a bounded economic estimation.
The Low Bound scenario: reflects the minimal growth of FC in the global shipping industry/international shipping; assuming that the demand for the sea freight services continues to increase due to natural population growth and a minimal increase in purchasing power. As a result of a decrease in productivity in the western world and a minimal increase in the middle class economic status (mostly due to low economic growth in middle-class welfare in countries such as India, China, Malaysia, etc.).
The Best bound scenario: reflects the natural growth of FC, mostly based on the growth prediction of IMF, natural population growth, and a natural increase in the purchasing power, as a result of a natural increase in productivity, and a natural increase in the middle class economic status worldwide (mostly due natural economic growth in countries such as India, China, Malaysia, etc.).
The High bound scenario: reflects a maximum growth of FC, based on the growth data presented in the early 2000's, representing years with high FC growth rate and increase in demand for sea freight transportation service.
For each scenario, we assume three options for emission abatement, varying in size of reduction of carbon emissions at a global level but without a regional specificity. Each scenario reflects different levels of EUA prices consistent with the required level of abatement according to our METS (e.g. -for low rate of abatement, we assumed that the price of EUA is low, as a result of high surplus in EUA and low demand, in similarly, same can be assumed for best and high).
Inspired by the "Fisher effect", we choose FC growth rates 
The Black scenario: reflects three different growth scenarios of FC (low, medium and high), all of which share a similar emission abatement level (minimal) and a high cost of EUA.
The summary table for international shipping and for global shipping scenarios can be found at the end of this paper under appendix I.
It is important to note that the model does not relate to legal issues concerning enforcement and application of the model in the industry, or international shipping in particular. It is assumed that these issues were resolved and do not relate to the number of emission permits that exist in the model. Further, we assume that the existing number of emission permits in the METS market is optimal according to the maritime environmental economic policy, in light of social and economic growth.
Fuel consumption data
The METS economic model is adjusted with the fuel consumption (FC) data (Mt 1 ), as they were presented in the IMO research, this data will be used as a basis of this study.
The reference year for the model calculations is 2007, in which the FC rate for the global shipping industry is estimated at the level of 333Mt and for international shipping at the level of 277Mt. This data was estimated top down (from general to specific).
In 2007 the FC data was gathered in the most detailed and comprehensive way compared to past years due to the use of the data from AIS system and IMO reports.
Carbon Factor data
Heavy fuel oil mixture HFO / RFO (level 6) is the most common fuel in the industry today (77% of the total annual FC). Our model will adjust with a carbon factor of 3.13 (Kg leaked carbon/ton fuel oil), which IMO researchers used to calculate the level of carbon emissions for every type of engine (ME, auxiliary engine) based on the IPCC (2006) scenarios.
Multiplying the FC data with the carbon constant will help us to generate the potential total amount of carbon emissions in the shipping industry.
Emission data by segmentation of means of transport
We will start with understanding the mixture and composition of the carbon emissions, by using the results of the research (Eide, 2009) , which details in its findings the relative contribution of emissions caused by means of sea freight transportation in the international
shipping. In addition, we will use the results of administrative work of IMO MEPC 60/WP.5 conference, which details in its findings the relative contribution of emissions caused by means of sea freight transportation in the global shipping industry.
From there we will segment sea freight transportation in the global shipping industry and in international shipping as follows: dry bulk, liquid bulk, container cargo, general cargo (neo bulk), which will be referred to from now on in tables and charts as D. Bulk (Dry), L. Bulk (Liquid), Container and Neo Bulk (summary table can be found under appendix II & III).
These means of transport are a general name for the four main groups of sea freight transportation; they are different from one another by the level of required energy, vessel size, geographic activity area, etc.
Borne ton data by geographic activity
In order to understand the relations between segmentation of sea freight transportation and geographic activity area, we will use the borne tone data ( by means of sea freight transportation (Mt). Due to the fact that the nominal data for borne ton at this moment is not relevant, we will continue to process the data by percentage. Using the total seaborne tons in a given year will serve as a reference for an annual allocation. We will perform the segmentation of the seaborne tons by means of sea freight transportation (%), interactions between areas (%) by sea borne tons. The results of this action will grant us ten tables (one for each year) of sea borne ton relations (%), segments by area (%), means of sea freight transportation (%) and interactions between areas (%).
We will then use these tables to calculate the average for each resulting in a weight table (with a standard deviation of 2%) that will reflect the existing relation between means of sea freight transportation and its interactions between areas by the sea borne tons, which we will use in our further calculations.
Due to the fact, data in our possession is valid only for international shipping; we will not preform similar analysis according to geographic activity segmentation for the shipping industry, (summary table for international shipping can be found under appendix IV).
In addition, it is important to note that FC data in this study is based on IMO estimation of consumption at a global level and does not reflect FC by geographical area of activity. In order to receive FC data by segments of area activity, we will use the emission segmentation findings from Eide and MEPC 60/WP study. Therefore, by multiplying the total amount of emissions with weight table (sea borne tons), will result in a rough estimate of the amount of emissions for a specific area in relation to the means of transport, under a simplified assumption justified in the equation 1.ii below. 
.ii:
EUA prices
The cost for a single emission permit can be considered a marginal cost for a single ton of carbon emission abatement. We will use the BT approach and rely on EU-ETS market performances for pollution permits and sales forecasts, the Model will include three EUA price scenarios that will allow us a range of costs for the High Bound and Low Bound ( Table 1 ).
The EU-ETS mechanism suffers from a high level of uncertainty due to being subject to a large number of opinions and interested parties (states, lawmakers, lobbyists, etc.).
Therefore, we can assume that until 2020, no meaningful change is expected in EUA costs, so the coefficient discount rate ( t r -discount rate) in these years will be zero. For the years 2020-2030, we assume a coefficient growth in EUA costs at a rate of 10%, which represents a moderate increase in available resources.
Bounds for the cost of emission permits in the METS mechanism will be based on the average of EUA prices, taken from relatively stable period of the EU-ETS mechanism, which in our analysis has the potential to reflect a global price for carbon emissions. 
Growth rate data for FC
For FC growth estimations in the global shipping industry, we will rely on findings from UNCTAD report, which found a high correlation between growth of industrial activity, growth of world GDP and the demand for sea freight transportation, without relation to trading growth between areas (UNCTAD, 2011). These findings are supported by other research in the field, allowing us to perform a rough estimate of the area's growth rate in FC means (Corbett and Eyring, 2007; Corbett and Wang, 2006; Corbett et al. 2007; EnSys Energy & Systems Inc. and Navigistics Consulting, 2007) .
However, this assumption is predicted to erode in the next decades due to development and transition of the world market, from activity based on industrial industry and goods (GDP) to activity based on services and knowledge (according to IPCC-B1 scenario).
Therefore, for the shipping industry, we assume a unified growth rate in all areas for FC, in which low growth rate are based on "EnSys" research findings. Best growth rates are based on the world GDP growth rate (according to IMF forecasts between 2012-2018, which reflect a more consistent increase in the world GDP for the next half decade) and high growth rates based on the world GDP growth rate between 1981 and 2007, which can be described as one of the periods with the highest economic growth.
For FC growth estimations in the international shipping, we will use the findings from the International Monetary Fund (IMF) data, in order to receive realistic growth data by area (in annual growth rate %), for developing countries we will use nominal GDP data, for the developed countries we will use the nominal PPP data (Europe and America).
Using a simplified assumption that the area growth rate of FC is relative close to the size of the GDP area growth rate, will result in a matrix of the growth rate of FC by area. In order to minimize external impacts, we will assume a technological fixation in the industry (based on the existing technology in the industry in 2007) and assume that the number of new vessels joining the world fleet is equal in size of energy consumption to those that were deducted from the global fleet. This assumes that the number of vessels which were deducted is in average size of 3% and the amount of the new vessels joining the world fleet is in average size of 2.1%, excluding container vessels which are estimated at 5.2% (IMO MEPC 63/INF.2, 2011; Second IMO GHG study, 2009 ).
Based on the data of the Clarkson Research Services Limited Company (CRSL), we assume that the growth rate per borne ton is 3.7%, which is a unified growth rate for all means of sea freight transportation.
Furthermore, until year 2025 we assume that there are no expected meaningful increases in fuel prices or decreases in the level of carbon emissions, due to life expectancy of single vessel in the current world fleet. After 2025, we assume that the number of new vessels using innovative propulsion technologies and advanced air filtration systems will have come to a critic mass and considerably influence the amount of worldwide carbon emissions. This will result in a drastic reduction in the total level of carbon emission in the shipping industry.
Reduction rate data according to scenarios
Recent research that reviewed the effectiveness of the EU-ETS program in reduction of carbon levels discovered that the EU-ETS program can be account for estimated reduction rate between 2% and 4% (Laing et al. 2013) , with optimistic estimations estimating that the reduction rate has reached 7% (Branger, Lecuyer, and Quirion, 2013) According to IMO research, by combining the technological and operational tools, it is possible to reach reduction rate level of 10% to 50% or more. From analyzing the FC growth prediction for the shipping industry, these results are predicted to erode and lose effectiveness.
Another research performed by IMO, found that the reduction rate for 2020 can be estimated at 9%-16% (compared to 2007), and for the years 2020-2030, estimated at 17%-25% compared to the BAU situation (with only the implementation of voluntary tools -EEDI, etc.) (IMO MEPC 62, 2011) . Therefore, we can assume that until 2015, there is no meaningful reduction effort, so all the scenarios in this period will adjust with a reduction rate of 0%.
Level of accuracy and reliability of results
The volatility in EUA costs plays a main role in the model, as it functions as a bound that enables us to receive an economic estimate for the pollution problem caused by the shipping industry.
In addition, the uncertainty in the FC data, as it was defined by IMO, is in the deflection range of 20% (high and low bound). Along with the continuation of erosion correlation between the growth rate of GDP and the demand for sea freight transportation, have the potential to reduce the reliability of the model's results. On the other hand, the model uses a relatively small carbon emission factor, which can significantly increase the estimation of high social costs and harm the effectiveness of the model. Therefore, based on the existing data we can say that the model is sufficient to provide an economic estimation for the impact of the international shipping industry on the environment from the aspect of carbon emissions.
Result analysis reveals a spectrum of scenarios for international shipping: High-Low-High, High-Low-Low, Best-Low-High, Best-Low-Low and Low-High-High. There is a high correlation, which allows us to conduct a proper estimation on the impact of implementing METS model in these various scenarios. Meanwhile, the reliability and validity of the model stands at 66% for the Best and High growth scenarios and at 44% for the Low scenario, while the rest of the scenarios not mentioned above benefit from a relatively high level of reliability (77%-94%), though are unreliable due to a low correlation level (Table 2) .
For global shipping, results indicate that for the following scenarios: High-Low-High ,HighLow-Low ,Best-Low-High ,Best-Low-Low and Low-High-High, there is a high correlation allowing for proper estimation of the impact of implementing the METS model in these scenarios. The reliability and validity of the model stands at 64-68% for the Best and High growth scenarios and at 98% for the Low scenario, while the remaining scenarios not mentioned above benefit from a relatively high level of reliability (79%-96%), though are unreliable due to a low correlation level (Table 2 ). For global shipping in the BAU state, findings are similar to the results received for international shipping. This is due to the fact that the effect of carbon emission per ton of consumed fuel has the same economic effect in accordance with the scenarios (chart 1).
These costs are relatively high, compared to the fuel prices in the shipping industry.
As findings indicate, the economic effect of carbon emissions gradually grew throughout the years, which can be explained as a result of expected growth in trade leading to growth in FC and as a result of an expected increase in EUA costs, which its inventory are reduced on periodic basis.
When we examine the economic environmental effect from the implementation of the METS mechanism in the international shipping, findings from the model can be characterized by a decrease in the average socio-economic impact per ton of consumed fuel both from the shipping industry and international shipping, in relation to the BAU state (chart 2 and chart 3).
Year 2015 -This is the first year in which the METS mechanism was implemented. The average cost of reduction efforts in relation to a ton of consumed fuel was estimated at a rate of $0.39-$6.97 in relation to the implemented reduction rate (i.e. -a high cost for a high reduction rate and a medium cost for a medium reduction rate, etc.).
FC rate grows between 135% and 168% in relation to the reference year according to the growth scenarios. The potential reduction level is between 2% and 9% annually, in relation to the reduction rate. As expected, the METS mechanism is not effective in reducing the level of carbon emissions below the reference year.
Year 2020 -The average cost of reduction efforts in relation to a ton of consumed fuel is estimated at a rate of $2.44 and $36.25 in relation to the implemented reduction rate.
FC rate grows between 164% and 233% in relation to the reference year according to the growth scenarios. The potential reduction level is between 11% and 45% in relation to the reduction rate. The METS mechanism is effective only for the Low-High-High scenario, which is characterized by low growth rates and a reduction rate above 10%.
At a greater than 45% reduction level, this period is characterized by an increase in reduction costs. These increases are a result of high reduction efforts that required massive resources and investment, which may lead to high costs per one ton of fuel consumed. and 72% in relation to the reduction rate. The METS mechanism is effective in reducing the level of emissions below the reference year for the scenarios that are characterized with the reduction rate higher than 7%, regardless of growth rates.
Year 2030 -This is five years after the expected changes in the global shipping fleet have occurred.
Average costs per ton of fuel are estimated between $12.55 and $74.11 in relation to the implemented reduction rates. FC rate grows between 245% and 451% in relation to the reference year according to the growth scenarios. The potential reduction level is between 54%
and 93% in relation to the reduction rate. The METS mechanism is effective in reducing the level of emissions below the reference year for the scenarios that are characterized with the reduction rate higher than 7%, regardless the growth rates.
Black Scenarios -For the years 2015-2024, the average cost per ton of consumed fuel converges to $8.62, a sharp reduction in relation to BAU state, mainly due to high cost of EUA for these scenarios. In the year 2030, after an increase in reduction rate (up from 2% to 10%), costs are estimated at an average of $43 per ton of fuel consumed. The potential for reduction in relation to the cost has been eroded.
From this finding, we see that in the year 2020 the potential for reduction stands at arate of 11%. After five years, it increases to 25% and in year 2030 it converges to 54%. The slow erosion process tells us that the effectiveness and efficiency of the mechanism have occurred as a result of high costs per one ton of fuel consumed. As expected, the METS mechanism is not effective in reducing the level of carbon emissions below the reference year.
As for the global shipping (METS state), findings are similar (differs in cents) to the results that were received for international shipping. This is due to the fact that the effect of carbon emission per ton of consumed fuel has the same economic effect in accordance to the scenarios. 
Regions and Means of Transport
International sea freight contributes differently in terms of its socio-economic impact on the environment both on a regional level and as means of transport. This difference is due to fact that trade is often not balanced; some countries mainly export, while others mainly import. This phenomenon has lead to a varying contribution of carbon emissions that differs at the regional level and at the level of the means of transport, but has the same environmental impact regardless of the source and location of the emission Today, international freight is mostly conducted by means of sea transportation, which is not homogenous in frequency, quantity per region, or means of transport used.
Due to the lack of information available in the data for seaborne ton, this topic will deal only with the socio-economic assessment of carbon emitted from international shipping and segmentation according to regions and means of transport, based on data provided by the company IHS-GI in accordance with the policy segmentation of LMIU.
The core aim of this topic is to evaluate the effect of the METS mechanism on international shipping at the regional level, together with the socio-economic impact according to segmentation of means of transportation. Thus, it serves as a potential reference for decisionmakers to target reduction activities and encourage reduction at both the regional level and on the level of means of transport.
An examination indicates that the most influential areas in terms of carbon emissions are: Asia -Far East (China, Japan, Malaysia, etc.), America (mainly North America) and Europe, regions with socio-economic influence so great that compared to them, other areas (Middle East, Africa, Asia Arab -countries of the Persian Gulf and similar) are negligible in terms of emissions and in terms of trade volume.
The data shows that the most influential socio-economic trading today is carried out in AsiaFar East.
Under the model assumptions for a BAU state without abatement effort, it appears that we may observe an increase in the social cost from Asia -Far East region, while at the same time we may observe a decrease in the social cost of the western area (mainly North America and Europe), a fact that is in line with the model assumptions regarding economic growth forecasts in the east as a result of an expected increase in welfare of the middle class and in labor productivity in developing countries.
In this section we chose to refer separately to the sub-continent of India, due to forecasts of rapid growth and weight ascribed to it in economic literature, but nevertheless finding of this study indicate that over the years the sub-continent of India have a great potential to upholds its socio-economic influence, which stems from the fact that the sub-continent self-consumes and mostly feeds from independent sources.
Therefore, when we examine the economic impact caused by carbon emissions relative to the economic environmental cost according to segmentation by means of transportation and geographic area of activity, we do this under the assumption that a better understanding of the socio-economic impact according to regional segmentation and means of delivery of carbon emissions has a great potential to assist the decision makers with information that can be used to focus the reduction effort activity or the emissions reduction policy, thus avoid possible avoid possible adverse effects in the economics development of the developing countries.
We are interested in paying the true cost of the sea freight, nevertheless we acknowledge the fact that areas characterized by weak economic strength often have low trade volumes and are expected to bear the external costs exactly like the areas characterized by stable or prosperous economic strength, which are characterized by extensive trade that may suggest a greater economic environmental impact. Therefore, their contributions and influence on the external costs are perceived as higher.
We choose to address the selected period's as a reference : 2007, 2015, 2020, 2025, and 2030, which will serve us as indicators for the effectiveness and potential reduction of the METS mechanism.
Due to the large number of scenarios, this study will address only to the scenario High-LowLow, which has a higher logarithmic correlation coefficient ( 2 R ) for influential areas in terms of carbon emissions both under BAU and METS state.
High-Low-Low Scenario, in the BAU state finding shows:
▪ General cargo vessels (Neo Bulk), may account for 28% of the total social cost caused by international shipping in respect to carbon emissions, estimated in 2010 at 1.9 billion dollars, while Asia-F.East and the Americas are the influential socio-economic areas with valuation of $795 and $507 million, respectively (which together comprise a total of 66% of the total social cost of shipping means of general cargo vessels that year). As the years progress, the socioeconomic impact of this shipping method growth however, the relations contribution ratio and growth rate are kept as a result of the low growth rate of seaborne tonnage of this means. As a result, in 2030, this means of transportation may still account for 28% of the total social cost, estimated at a potential total of 7.9 billion dollars, when in the socio-economically influential areas of East Asia, America, and Europe, a potential total will be 81% of the total social cost this year.
The socio-economic assessment for East Asia alone is estimated at a potential total of 3.3 billion dollars, 1.7 times the influence of this area in 2010, while the regional socio-economic impact of America and Europe is estimated at a total of 2 and 1.1 billion dollars, respectively.
The carbon emission from this means of transportation is estimated to be 560Mt for the year 2025, and 1,093 for the year 2030, an increase of 231% and 450% respectively; relative to 2007.
▪ Container Shipping, characterized by particularly high growth rates, makes this means of sea freight transportation a significant polluter in terms of its socio-economic impact.
It potentially accounts for 26.7% of the total social cost caused by international shipping in respect to carbon emissions, with a high potential to inherit the title of the means of sea freight transportation with the largest socio-economic impact, while swipe away relative parts from dry bulk and general cargo vessels (down from 16.4% to 15.8% for dry bulk and down from 23.4% to 22.7% for general cargo vessels of the total social cost in respect to carbon emissions). In 2010, the potential total social cost was estimated at the amount of 1.86 billion dollars, while Asia-F.East and America are the influential socio-economic areas with valuation of $759 and $484 million, respectively (which together comprise a potential total of 66% of the total social cost of shipping means of container vessels that year(.
In 2030, this means of transportation is expected to grow by 400% in its potential influence of the total social cost, with an estimated amount of 7.62 billion dollars, when in influential socioeconomic areas that are East Asia, America, and Europe with a potential total of 80% of the total social cost at this year.
The socio-economic assessment for East Asia alone is estimated at a total potential of 3.14 billion dollars, 4.1 times the influence of this area in 2010, while the regional socio-economic impact of the America and Europe estimated at a total potential of 1.9 and 1.1 billion dollars, respectively.
The carbon emission from this means of transportation is estimated to be 535Mt for the year 2025, and 1,043 for the year 2030, an increase of 231% and 450% respectively; relatively to the reference year 2007.
▪ Liquid bulk/tanker vessels used primarily in transporting operation of fuels, chemicals and so on, enjoying relatively high demand mainly from the areas such as America and Asia-F.East, a result of the increasing demand for energy in these areas. The reason for the latter is the ongoing increase in the EU efforts toward the reliance on renewable energy sources in current and previous decades caused to a decrease in Europe's demand for liquid bulk vessels. High-Low-Low Scenario, in the METS state finding shows:
In this scenario the METS mechanism, under the assumption from the year 2015, we observe an annual reduction rate of 2% until the year 2025 and an annual reduction rate of 10% for subsequent years (in absolute terms without reference to the regional contribution or contribution from different means of sea freight transportation).
In this section, we choose to address the selected periods as reference: 2020, 2025, and 2030, which will serve us as indicators for the effectiveness and potential reduction of METS mechanism, because finding from periods of 2010 and 2015 are similar to the BAU state.
▪ For General cargo vessels (Neo Bulk), the potential amount of social cost caused by international shipping in 2020 and in 2025 is estimated at a total of 3.15 and 3.9 billion dollars, respectively. Potential decrease is estimated between 15-25% of the amount of damage relative to the BAU state. Asia-F.East, America and Europe are the influential areas in terms of social damage with a potential valuation.
In 2030, the potential total social cost estimated at the amount of 3.3 billion dollars, a potential decrease of almost 54% of the amount of damage relative to the BAU state.
The reduction potential from this means of transportation is estimated to be 84Mt for the year 2020, and 591 for the year 2030 a potential decrease estimated between 15-54% of the amount of emitted carbon relative to the years in BAU state. The reason for the latter is that according to the model assumptions, from the year 2025, we may observe a period of numerous changes in the global shipping fleet characterized by significant technological improvements in a way that applying the METS mechanism combining with the new technologies implemented in the global shipping fleet, supposed to bring a potential decrease in the amount of carbon emission.
▪ Container Shipping, characterized by particularly high growth rates, which make this means of sea freight transportation a significant polluter in terms of its socio-economic impact.
In 2010, the potential socio-economic impact of this shipping method estimated in amount of In 2030, the potential total social cost for this areas are at the amount of 2.32 billion dollars.
The reduction potential from this means of transportation is estimated to be 58Mt for the year 2020, and 412 for the year 2030 a potential decrease estimated between 15-54% of the amount of emitted carbon relative to the years in BAU state.
Discussion, summary and conclusions
Environmental resources have an economic value resulting from the indirect or direct benefits provided for the public. In attempting to estimate the resources' economic value, most estimates only reflect the negative benefits caused by changes in their current state.
In this research, we evaluate the environmental economic impact of shipping from the perspective of CO2 emissions and its potential reduction, by implementing Marine Emission Trading Scheme (METS) as defined. This trading scheme is based on the EU-ETS program with adjustment for the shipping industry needs.
First, we evaluate the socio-economic cost of carbon emission from the seaborne trade activity per borne ton criteria and per consume ton gas criteria in BAU State and METS State.
Then we continue to evaluate the relative cost of socio-economic effect with regional segmentation, transportation Mode and the expected effect on the shipping industry from the economic and environmental perspective.
Today the sea freight tariff mechanism is based on partial tariff that doesn't include the external costs arising from CO2 emission damage, which are a global problem regardless of the source and location the emissions were emitted. In an attempt to find an economic equilibrium that optimally includes all the constraints while take into consideration the external costs, we selected a market-based approach, based on the motivation that the shipper must pay "the real" cost for the service that he purchased (i.e. -sea freight). The use of a market-based method in this study, allows the producer's (i.e. -owner, vessel operator, etc.) surplus and that the market equilibrium point is economically efficient despite the constraints mention before, and eventually to maximize the consumer's (i.e. -shipper) surplus.
The IMO is currently responsible for resolving intergenerational and international conflicts relating to economic growth, globalization, and natural growth of populations against the principle of preserving the maritime environmental resources, which may be effected by sea freight activity or any involvement of any vessel. To date, this regulator intervened only in cases with high public awareness or cases that dramatically impacted the balance (i.e. -the oil tanker disaster Exxon Valdez, etc).
As a result of increasing environmental awareness, the IMO developed a mandatory technological tool, standards for new vessels (EEDI) and voluntary operational measures for ongoing shipping operators (SEEMP and EEOI), in order to assist them with the GHG abatement efforts.
The IMO's goal is to provide the vessel owners and operators with a set of tools to reduce the amount of greenhouse gas emissions while indicating the expected operational incentive from implementing these tools. It is worth mentioning that major part of the reduction potential is based on significantly reducing the sailing speed, an action that may be refer as "Slow
Steaming", and in the past few years has become more common due to a sharp increase in the prices of fuel around the world.
"Slow Steaming" may result in decreases in fuel consumption, therefore achieving a double target of decreasing carbon emissions and fuel expenses. In the long run, it results in longer shipping times, higher levels of inventory at ports, higher stock at sea, higher financing demands, and higher insurance costs to the shipper. In our opinion, extended delivery times leads to an expected decrease in sea transportation level of attractiveness, although it remains one of the most efficient and environmentally transportation available today, in comparison to existing alternatives (i.e. -land, air).
High operation costs, inventory, and insurance costs, combined with long delivery times, have the potential to decrease the demands for sea freight services, which eventually could lead to the decrease of the amount of shipping carbon emissions. On the other hand it has the potential to lead an increase in carbon emissions on land through the logistical supply chain (i.e. -"carbon leaking"). Furthermore, if one considers the above-mentioned scenario, combining it with highly fuel prices, marginal abatement costs for emission reduction may have the potential to serve as a catalyst for the shipping industry, which in long run may lead to an increase in cooperation between shipping companies (i.e. -merging between operators, bankruptcy, uniting lines, etc.).
This scenario is similar to the evolution experienced in the automotive industry in previous decades 5
, which has strengthened a limited number of operators and manufactures, and as a result narrowed the level of competition (as well as the potential consumer's welfare).
Additionally, this scenario could lead to an actual decrease in economic activity of the smaller vessel operators or countries, which engaged in small trading volumes and have a negligible contribution or influence on the CO2 emission level.
On the other hand, a low marginal abatement cost combined with low emission reduction targets and high growth rates (fuel consumptions) renders the maritime emission trading mechanism non-effective, and may prompt excess purchase (from vessel owner, operators, etc.)
of emission permits instead of investing in reduction technologies that are estimated to be higher in cost.
This study shows, that implementing METS has the potential to bring the amount of carbon emissions to a close level of emissions in the reference year, for an annual reduction rate of 7% and more.
While this achievement depends on low growth rates, it is possible to claim that in the situation with high costs for emission permits the polluter (vessel owner, operators, etc.) may have a different incentive to reduce emissions, in order to achieve the METS program's goals.
The results gathered from this study suggest that container shipping and the general cargo shipping are the most polluting means of international shipping while only carrying 18% of the world borne ton.
One could suggest in order to limit reduction costs, these costs should be calculated according to the borne ton criteria. This has the potential to lead to a selective "loading" of the reduction 5 , Over the past 30 years, the automotive industry has invested significantly in research, design, and development of "greener" engines in an attempt to achieve better energy efficiency, lower fuel expenses, etc. High cost, together with other factors eventually led to a contraction in the number of operators (i.e. -car builders) either by mergers (i.e. -Volkswagen Group, General Motors group, etc.) or due to bankruptcy. costs on the shipper, for example: sea freight of electronic goods (i.e. -computers and technology equipment) in container vessels are considered lightweight freight, but highly valuable. An attempt to implement calculation according to borne ton criteria could lead to higher payment request from the shipper in correlation to a similar sea freight of less valuable merchandise, reducing the consumer's surplus furthermore.
Due to its international nature, the shipping sector differs from other transportation modes, which are more subject to local laws. It requires an individual set of rules and standards in order to function properly and provide an appropriate response for the increasing demand.
Enforcement and monitoring of carbon emissions resulting from sea activity is considered one of the most complex regulations the shipping sector deals with today, (only few countries are signatories of the Kyoto Protocol). As a result, countries and interested parties have different concerns and object to the application of carbon regulations in the shipping industry under the pretext that the amount of emissions is insignificant, suggesting that regulation could lead to an increase in the sea freight cost and has the potential of ignite artificial economic crisis due to the international role of the shipping industry. Moreover, there is a reasonable concern for the feasibility of the "carbon leakage" phenomenon in case METS mechanism is implement selectively, as a result of wide usage of "flag of convenience" in the shipping sector.
The shipping sector consists of a wide variety of international entities with different interests that are created in early stages such as: planning, building, operating, ownership, nationality of the staff, insurance concerns, banking, bill of lading, etc. On the other hand, the origins of carbon emissions are of little significance as the damage these emissions cause are considered a global problem. A recent study found that the crowded sea routes have a high regional impact on the ocean acidification phenomena. Therefore, enforcement and monitoring action must be addressed at a global level, with no reference to state origin of the vessel operator or owner.
While at the same time, in order to avoid unnecessary harm, in areas with insignificant economic impact (in terms of pollution), enforcement and monitoring efforts must take into account the relative economic contribution of the sea freight means and the areas of trade.
The IMO, as a direct regulator, does have economic tools for enforcement and compliance to protect the public interest (preserving the marine environmental resources): command and control, taxes, subsidies, etc. An overview of these tools reveals that these regulations are designed to determine acceptable behaviors for the vessel operators / owners (fencing in their area of activity). On the other hand, to achieve effective compliance the regulator requires significant information. These efforts for enforcement and monitoring are expected to bring additional external costs and more bureaucracy without any guarantee for effective emission reduction.
The tax solution is the simplest mode of enforcement. It does require the involvement of international law, but does not limit the permitted level of emissions, and leaves the decision in the operator's hands.
Subsidies operate as the mirror image of taxes, in which the operator receives an incentive payment for emission reductions. This tool has the potential to encourage reduction, but on the other hand requires a lot of funding. Furthermore, pre-allocation of subsidized reduction units can lead to increased activity, which means more emissions.
The METS can provide a "grandfather allocation", which are granted by the regulator to the polluter in a limited quota while allowing the regulator a control tool mechanism of the desired level of emissions by quantification means rather than the fixed price of emissions permits.
The METS has proven feasible at a global level, able to cope with problems of information and uncertainty. It is regarded as one of the best options that does not require extensive legal activity. Furthermore, this tool has the potential to combine environmental and social concerns with low costs and economic growth.
To conclude, the purpose of this research is to create an economic estimation of the maritime shipping impact on the environment, specifically focusing on the main GHG emissions (carbon) resulting from shipping activity. The goals of this research, as defined, dealt with the current sea freight tariff, considered a practical tariff that does not reflect the real social cost of sea freight. In this study we examined and attempted to identify the economic potential reduction rate that will ensure cost effective reduction while maintaining economic growth. We did so by implementing the METS mechanism and found its potential effectiveness.
The results and findings of this research, as presented until now, provide a reliable estimation tool for the decision-maker. Furthermore, the results can assist us to better understand the meaning of implementing the METS mechanism in the shipping industry and its expected economic impacts. Furthermore, these findings create a more transparent and informative tool for the decision-maker, while potentially minimizing the effects of changes on the consumer surplus for the shippers and help establish a more equitable society, socio-economically and environmentally.
products. It is one of the key figures in our world economy and plays a significant role in "globalizing" to the developing and emerging market countries and world economics. Seaborne trade continues to expand, thanks to increased growth in the emerging middle class population and to expected growth in urbanization rates. It is has operated for a long time without emission regulation and until recently it has not received significant attention, although it is a meaningful source of the accumulation of global carbon emissions.
Today high growth forecasts for the shipping industry combined with its role in "globalizing" leads us to the conclude that IMO as a direct regulator must take responsibility, enforce, and lead the international METS programs and GHG emission reduction.
Any resulting setback helps bring this industry to become a more meaningful contributor to the world GHG emission, carbon emission accumulation and the rise of the marginal social cost. 
